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(57) A magnetic recording medium comprising a the magnetic layer consisting essentially of a ferromag- 

nonmagnetic base, a nonmagnetic interlayer 0.5-2.5 ujti netic powder and a binder, characterized in that the in- 

thick formed on at least one side of the base, and a mag- ter layer contains a carbon black having a mean primary 

netic layer 0.05-0.5 u.m thick formed on the interlayer, particle diameter of 25-40 nm, specific surface area of 

50-80 m 2 /g, and DBP oil absorption of 40-55 cc/100 g. 
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EP 0 923 069 A1 
Description 

BACKGROUND OF THE INVENTION 
1 Field of the invention 



i n nJ L' nVentlon re,ates to "'^"density magnetic recording mediums having a magnetic layer with a thickness 
trom 0.05 to 0.5 urn and, more specifically, to magnetic recording mediums which have good surface roughness and 
combine excellent reliability with excellent electromagnetic conversion characteristics 



2. Prior art 



[0002] In recent years there has been a tendency toward higher density recording on magnetic recording media and 
deve opment of systems with shorter recording wavelengths has been striking (e.g.. the shortest recording wavelength 
thus far ach,eved with DDS-3 format, a data storage system, is in the order of 0.3 pm). The advent of such systems 
with shorter recording wavelengths has presented major problems with existing media having ordinary magnetic layers 
(about 1 to 5 pm thick), including thickness loss during recording and playback, output drop due to self -demagnetization 
and deterioration of resolution. In digital recording, in particular, a recording method that involves overwriting originally 
recorded s.gnals with new ones is in wide use, primarily for civilian or public systems. The more recent tendency toward 
still higher density of recording has called for not only shortening the recording wavelengths but also further improve- 
ments .n overwrite characteristics and resolution to perform overwriting recording signals in a plurality of regions e g 

s,gnals at a fre quency ratio of 2:7, and achieve favorable overwriting of the signals having a plurality of recording 
wavelengths. Conventional coated magnetic recording media fail to meet these property requirements, although they 
have been improved to some extent in the magnetic properties (flux density, coercive force, etc.) and surface quality 
25 of the magnetic layer. 

[0003] Effective means have hitherto been proposed for diminishing the deterioration of resolution, thickness loss 
and self-demagnetization, and improving the output and overwrite properties. They are coated magnetic recording 
media of the type having a magnetic layer which uses ferromagnetic powder of high saturation magnetization, such 
as ferromagnetic metal powder, with remanent flux density kept above a certain level, and is as thin as 2 pm or less 
or 1 pm or less These recording media are disclosed and reported in the literature and in Japanese Patent Application 
Kokai Nos. 57-1 g8536 and 62-1 54225 and elsewhere. 

[0004] However, a magnetic layer formed directly over a nonmagnelic base becomes increasingly susceptible to the 
adverse effect of the nonmagnetic base surface as the layer thickness decreases. To be more concrete a magnetic 
layer less than 1 pm thick reproduces on its surface the coarseness of the underlying nonmagnetic base surface This 
aggravates the contact between the medium and the head for record-playback performance and, especially lowers 
the output in the short wavelength region. 

[0005] Ordinary magnetic layers contain, besides the ferromagnetic powder and binder, various other additives They 
include a reinforcing agent (e.g., particles harder than the ferromagnetic powder, such as a-alumina) to enhance the 
mechanical strength of the magnetic layer surface, a conductive material (e.g., carbon black) that hampers dropouts 
and dust deposrtion, and a lubricant (e.g., a fatty acid or fatty ester) to enhance the reliability. A magnetic layer of 1 
pm or less Ih.ckness accordingly contains smaller absolute quantities of the additives and it can hardly prove effective 
compared to a magnetic layer more than 1 pm thick, with less durability and lower reliability of the medium If the 
additive contents are increased to effective levels, the ferromagnetic powder percentage has to be reduced with a 
consequent decrease in the flux density of the magnetic layer and hence deterioration of the recording density and 
electromagnetic conversion characteristics. 

[0006] One prior art approach to this problem is providing an interlayer (known also as coating substrate or undercoat) 
having specific functions between the magnetic layer and nonmagnetic base. Patent Application Kokai Nos 60-35323 
and 60-1 64926 disclose providing an interlayer which consists chiefly of carbon black and binder plus, where necessary, 
a lubricant. The prior inventions, with an intention to increase the proportion of ferromagnetic powder in the magnetic 
ayer for h.gher density, decreases the binder, lubricant, conductive carbon black, and other additive contends in the 
layer and provides an interlayer having their functions instead. They claim that Ihe interlayer ameliorates the adhesion 
between the magnet.c layer and nonmagnetic base, the conductivity of the magnetic layer surface, and the reliability 
of the medium. 7 

[0007] Nevertheless, in the absence of specifications for the properties of carbon black, the interlayer can cause 
vanous d.ff.cult.es. Conductive carbon black, in particular, is difficult to disperse uniformly in the binder because of its 
specif.c surface area and oil absorption. Moreover, the resulting coating material has high thixotropic viscoelasticity 
inherent in the structure of the carbon black contained. It affects the leveling and smoothing of the coated surface 
unfavorably and tends to produce an interlayer with roughened surface. An attempt to abate the thixotropy by dilution 
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of the coating material with a large volume of organic solvent or the like could again roughen the interlayer surface 
with pores and voids that result from the evaporation of the solvent upon coating. 

[0008] Patent Application Kokoku No. 7-241 01 teaches providing an interlayer which contains a carbon black having 
a dibutyl phthalate (DBP) oil absorption of 50 to 1 00 ml/1 00 g and a particle diameter of 0.01 3 to 0.040 urn. The carbon 
black is claimed to enhance the dispersibility of the interlayer, increase the surface smoothness of the layer and also 
that of the magnetic layer to overlie it, and thereby improve the electromagnetic conversion characteristics. The Kokoku 
No. 7-24101 does not specify the specific surface area of the carbon black, but its working examples refer to the use 
of carbon black having a specific surface area of not less than 100 m 2 /g. The reference invention thus apparently 
pertains to a carbon black different from the carbon black having the specific surface area (50-80 rr£/g) according to 
the present invention. It is for that reason that, even when the carbon black with the particle size and DBP oil absorption 
specified in the Kokoku publication was used as in comparative examples (e.g., Comparative Example 2), troubles 
such as thickening or agglomeration occurred during the preparation of the interlayer coating material. The application 
of the coating material consequently produced streak lines, or the thixotropy that the material develops immediately 
before application caused thickening or other degradation during dwell period. These and other difficulties hampered 
the satisfaction of the surface smoothness requirement. 

[0009] According to the Kokoku No. 7-241 01 , the ratio by weight of the pigment to the binder in the interlayer is 1 00: 
85 (= about 1.2:1). The low pigment loading and high resin content presented the following problems. 
[001 0] A coated medium usually is improved in surface smoothness by a finish with a squeezing force applied to the 
medium surface by calender means or the like. The coated film to be calendered necessitates a rigid support like an 
interlayer. If the support is elastic it will spread the force applied and will return to the original state once the force is 
removed, resulting in incomplete finish. As long as the magnetic layer retains the conventional thickness (in the order 
of 1-5 jam) this phenomenon seldom occurs and is negligible. For example, the magnetic layers in the examples of the 
Kokoku No. 7-24101 have a thickness of 3 u,m, and the above phenomenon is utterly disregarded. With 0.5 urn or 
thinner magnetic layers, on the other hand, the elasticity of the support is largely responsible for such a problem, 
compared to the conventional thicker layers. In the case of coated multilayer medium, an interlayer serves as a support 
for a thin magnetic layer. The interlayer with a low pigment loading and high resin content as provided by the Kokoku 
No. 7-24101 is more elastic than usual, and therefore a magnetic layer 0.05 to 0.5 urn thick is unable to achieve 
adequate surface smoothness after finish. 

[0011] Patent Application Kokai No. 5-210838 reveals that certain limitations to the nonmagnetic base and addition 
of carbon black to the interlayer make it possible to adjust the hardness of the interlayer sufficiently to avoid calender 
roll contamination and print-through on the back side of the base. The combined use of the nonmagnetic base and 
interlayer helps solve the problems that arise from the calendering of mediums having a 1 urn or thinner magnetic 
layer However, the recent trends toward higher density and higher capacity of recording have whittled the thickness 
of the nonmagnetic base too year after year. To make up for the loss of nonmagnetic base thickness, the traditional 
medium material of polyethylene terephthalate (PET) has been supplanted by polyethylene 2,6-naphthalate (PEN) or 
polyamide (PA) so as to attain the highest possible stiffness of the medium. However, the procedure for fabricating the 
base varies with materials, and the method of the Kokai No. 5-210838 is not appropriate yet. For example, polyamides 
have limitations to their fabrication, and the method of the reference invention is still inapplicable or involves much 
difficulties if applicable. 

[0012] Patent Application Kokai No. 5-189751 discloses a medium having a magnetic layer not more than l.O^m 
thick and an interlayer containing carbon black. Since the medium contains a conductive polymer, there are obvious 
possibilities of deteriorated dispersibility and surface roughness. 

BRIEF SUMMARY OF THE INVENTION 



[0013] The present invention has for its object the provision of high-density magnetic recording mediums having a 
magnetic layer from 0.05 to 0.5 uxn thick and which exhibit good surface roughness and combine excellent reliability 
wilh excellent electromagnetic conversion characteristics. 

[0014] The invention provides magnetic recording mediums comprising a nonmagnetic base, a nonmagnetic inter- 
so layer 0.5-2.5 urn thick formed on at least one side of the base, and a magnetic layer 0.05-0.5 uxn thick formed on the 
interlayer, the magnetic layer consisting essentially of a ferromagnetic powder and a binder, characterized in that the 
interlayer contains a carbon black having a mean primary particle diameter of 25-40 ran, specific surface area of 50-80 
m 2 /g : and DBP oil absorption of 40-55 cc/100 g. 

SS DETAILED DESCRIPTION OF THE INVENTION 

[0015] Conventionally the conductivity and adhesion of an interlayer have been enhanced by the use of a relatively 
small amount of a carbon black having a relatively large specific surface area, great DBP oil absorption, and small 
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primary particle diameter. However, because of the structure with conductivity, the carbon black added in an amount 
relat>vely small and yet just large enough to prove effective imparts high thixotropic viscoelasticity to the resulting 
interlayer coating material, with adverse effects upon the surface properties of the interlayer. Unlike the usual concept 
the present invention adopts carbon black of primary particle diameter with less unfavorable structural effect and pos- 
itively allows the interlayer to contain such carbon black. In this way the invention has solved the foregoing problems 
of the prior art. M a K 

[001 6] The present invention overcomes the difficulties of the prior art. It will now be described in more detail 
[001 7] The film thickness of interlayer to be used desirably in the present invention ranges from 0 5 to 2 5 urn more 
desirably from 0.8 to 2.0 urn, and still more desirably from 1.0 to 1 .5 urn. A thickness of less than 0.5 nm allows the 
surface properties of the interlayer to deteriorate under the influence of filler in the nonmagnetic base A thickness of 
more than 2.5 um tends to form a coating film with uneven thickness and poor surface smoothness 
[0018] The interlayer for use in the invention contains a carbon black with: 



mean primary particle diameter 


i 25-40 


nm; 


specific surface area 


50-80 


m 2 /g; and 


DBP oil absorption 


40-55 


cc/1 00 g. 



The mean primary particle diameter is measured by direct observation under a transmission electron micro- 



[0019] 

scope. 

[0020] The specific surface area is measured in the following manner First, carbon black powder is deaerated by 
heat treatment at around 250°C for 30 to 60 minutes so as to drive off adsorbate from the powder It is then placed 
into a measuring instrument, where it is subjected to measurement for adsorption with nitrogen at the liquid nitrogen 
temperature (-195°C). (The procedure is for determining a specific surface area by what is known as BET Equation 
for which please refer to J. Ame. Chem. Soc, 60, 309 (1938).) 

[0021] The DBP (dibutyl phthalate) oil adsorption is determined by the following method 20 00 g of a sample (A) 
dned at 150±1°C for one hour is placed in a mixing chamber of an "Absorptometer" (manufactured by Brabender Inc 
with i a spring tension of 2.68 kg/cm) With limit switches preset to predetermined points (the limit switch settings being 
at about 70 /„ of the maximum torque), rotary blades in the mixing chamber are driven (at 125 rpm) At the same time 
the addition of DBP (sp. gr. 1.045-1.050) from an automatic buret is started at the rate of 4 ml/min. Close to the end 
point, the torque rapidly increases to shut off the limit switches. On the basis of the quantity ot the DBP added to that 
point (B ml), the DBP oil absorption (D ml/100 g) is calculated from equation: 



35 



D = B/A x 100. 



[0022] Generally speaking, the smaller the mean primary particle diameter the better the surface smoothness the 
smaller the specific surface area the better the dispersibility; and the larger the DBP oil absorption the better the 
conductivity. However, the mean primary particle diameter, specific surface area, and DBP oil absorption ot carbon 
40 black are so closely correlated that there has been no magnetic recording medium that has an interlayer meeting all 
the requirements of coatability, physical properties, electromagnetic conversion characteristics, etc The present in- 
vention permits meeting all the property requirements of the interlayer by confining the properties of carbon black within 
the aforementioned specific ranges. 

[0023] When the magnetic recording medium is a tape, the amount of cupping varies with the kinds and quantities 
45 ?1 "".I 18 " 3 ' 8 that consti,ute *»e interlayer and the back coat. To secure the apparent strength of the tape, it is desirable 
that the tape has negative cupping (the magnetic side is convex) or positive cupping (the side opposite to the magnetic 
is convex). From the viewpoint of tape contact with the head, negative cupping is preferred. Ordinarily, a coated film 
containing carbon black easily shrinks itself to provide positive cupping. The carbon black according to the invention 
™™ t,a ?' fetardS thG inter,ayer shri "kage and helps reduce the overall shrinkage of the magnetic side of the tape ' 
so [0O24] The mean primary particle diameter of the carbon black for use in the invention desirably ranges from 25 to 
40 nm. If the diameter is smaller than 25 nm the specific surface area is likely to be excessive and tends to develop 
thixotropic viscoelasticity during preparation and application of the resulting coating material. In addition, poor dispers- 
ibility tends to affect the surface smoolhness of the interlayer adversely. Conversely if the diameter is larger than 40 
nm the coarseness of the particles themselves can again deteriorate the surface smoothness of the interlayer 
S5 [0025] The specific surface area of the carbon black according to the invention is desirably in the range of 50 to 80 
m /g. If it is smaller than 50 m 2/g the primary particle diameter is likely to be too large, with consequent reduction of 
coating voids and less lubricant retention. If the area is larger than 80 m2/g the quantity of resin necessary for dispersion 
increases and the pigment loading declines, and the carbon black no longer suits the purpose of the invention 
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[0026] A DBP oil absorption of 40 to 55 cc/100 g is suitable for the carbon black of the invention If the absorption 
is less than 40 cc/100 g the primary particle diameter usually is too large. Conversely if it is greater than 55 cc/100 g 
dense aggregation occurs, easily inducing thixotropy of the coating material and causing streaking or unevenness 
upon coating. 

[0027] Typical carbon black products to be used in the invention include those commercially available under the 
trade names of "Raven 760B", "Raven 1060B" (both made by Columbian Carbon Co.) and "REGAL 250° (by Cabot 
Corp.). 

[0028] The carbon black content in the coating composition according to the invention is optional within the range 
that permits the preparation of a coating material, but desirably is in the range of 15 to 75 wt% on the basis of the 
weight of the interlayer. If its proportion is less than 15 wt% inadequate conductivity tends to cause static charging of 
the medium. If it exceeds 75 wt% an insufficient binder proportion can result in frequent dusting of the coated film 
[0029] The interlayer for use in the invention may, where necessary, contain a nonmagnetic inorganic pigment as a 
means for increasing the pigment loading in the-interlayer. The quantity to be contained, shape, size, material, surface 
treatment, etc. of the inorganic pigment may be chosen according to the necessity. Examples are a-iron oxide (Moris' 
hardness 6), titanium oxide (5.5), calcium carbonate (3), silicon oxide (7), a-alumina (9), chromium oxide (9) silicon 
carbide (9.5), industrial diamond (10), aluminum nitride (9), and boron nitride (9.5). Out of these inorganic pigments 
for the purposes of the invention,. those having Moris' hardness values of 7 or below are classified as "inorganic pow- 
ders" and those above 7 as "abrasives" and will be respectively described below. 

[0030] In the interlayer according to the invention, the ratio by weight of carbon black to an inorganic fine powder 
other than carbon black desirably ranges from 18/82 to 100/0, more desirably from 18/83 to 95/5. If there is no inorganic 
fine powder the dispersibility and surface roughness at their critical upper limits. The presence of inorganic fine powder 
is desirable to make allowances for those properties. However, if the weight ratio of the inorganic fine powder contained 
is larger than 82, the medium has such poor conductivity that it tends to be statically charged. 

[0031] As for the shape, there is no particular limitation and the particles may have freely chosen shape, such as 
granular, acicular, planar, or spindle-shaped, granular or acicular being preferable. 

[0032] A desirable size for the inorganic fine powder is, in the case of granular particles, a mean particle diameter 
of 0.01 to 0.05 urn, preferably 0.02 to 0.04 pm, and in the case of acicular particles, a mean length of 0.05 to 0 30 pm 
preferably 0.10 to 0.20 fim. When the inorganic fine powder is granular in shape and has a mean particle diameter 
smaller than 0.1 yur\ or when an acicular inorganic fine powder has a mean length shorter than 0.5 urn, an increased 
specific surface area entails a larger resin content and hence lower dispersibility When a granular inorganic fine powder 
has a mean particle diameter larger than 0.05 urn or an acicular powder has a mean length greater than 0 30 pm the 
surface smoothness of the interlayer tends to be sacrificed. Desirable aspect ratios for granular and acicular particles 
are less than 1.5 and from 2.4 to 10, respectively. In either case the inorganic fine powder desirably has a Mohs* 
hardness below 7, more desirably between 3 and 7. 

[0033] It is advisable that the inorganic fine powder is a synthetic product of regular particle size distribution. Such 
a product of a-iron oxide or titanium oxide, especially the former, is to be desired. As regards the surface treatment of 
the inorganic fine powder, it is possible, when necessary, to treat it with an organic or inorganic system, e.g., to adjust 
its acid or base absorption or facilitate loosening and dispersion of secondary particles. 

[0034] The interlayer according to the invention may if necessary contain one of the abovementioned inorganic pig- 
ments having a Mohs' hardness greater than 7 as an abrasive. An abrasive is to have a Mohs' hardness greater than 
7, more desirably greater than 9. In respect of size, it desirably has a mean particle diameter of 0.05 to 0.5 pm, more 
desirably 0.1 to 0.3 pm. Particles finer than 0.05 pm in diameter scarcely come up to the surface, with a reduced 
beneficial effect of addition. Particles larger than 0.5 pm are likely to roughen the surface. For the same reasons the 
abrasive content desirably accounts for 3 to 20% of the weight of the interlayer. 

[0035] It is advisable that the abrasive is a synthetic product of uniform particle size distribution. Dispersibility and 
ease of choice make a-alumina and chromium oxide desirable, the former being more desirable. 
[0036] The a-alumina to be used may be spherical, cubic, or dice-shaped. When necessary, it may be surface treated 
with an organic or inorganic system, e.g., to adjust its acid or base absorption or facilitate loosening and dispersion of 
secondary particles. 

[0037] The binder to be used in the present invention is a combination of thermoplastic, thermosetting or reactive, 
and electron-sensitive modified resins. A suitable combination may be chosen in conformity with the intended properties 
of the resulting medium and process conditions. Preferred are combinations of vinyl chloride copolymers and poly- 
urethane resins as will be described below. Typical resins for use in the invention are vinyl chloride copolymers. Above 
all, those having a vinyl chloride content of 60 to 95 wt%, preferably 60 to 90 wt%, and a mean degree of polymerization 
of about 100 to 500 are desirable. For use in combination with such a vinyl chloride resin, a polyurethane resin is 
particularly effective because of its abrasion resistance and good adhesion to the base. Besides these resins, the 
binder may contain any of various other resins of known types. 

[0038] It is also possible to use any of the above resins that has been modified for electron sensitivity by the intro- 
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5^^fS522S b ° ndS - T CU T ' UnC,i0nal 9r ° UP C ° n,ent in SUCh a resin is 1 *> 40 ™.%. preferably 
10 to 30 mol /„, in the hydroxyl group ingredient, for the sake of stability during manufacture and of elPrtrJ , ra rii a ti™ 

curing property in the case of a viny. chloride copolymer, in particular, electron radS curing resin exc^en in 
both dispers.b.lity and curability can be obtained by reacting the monomers in such a wTy tnaMt ZJ^^ 
functional groups, preferably 2 to 10 functional groups, per molecule contains 1 to 20 

[0039] When it is assumed, with an interlayer, that the total weight of the inorganic fine powder including the carbon 
b,ack according to the invention is P and the weight of the binder is B, the relation between P and B is des'ablv P " 
B>3.5, more desirably 8>P/B>4, still more desirably 6.5>P/B>4 5 If the P/B is less than « s thl b™ ° e S"rabty P/ 

TnZ™ \ T k" °' her hand ' " " iS m ° re than 8 ' ,he adhesion between ^e interlayer and an SJSSSS 
annToT 9 C , b f 6 , beC ° meS ' nadec < ua,e ^reever, the binder quantity is not large enough for pigment TsZlion 
unsatls,ac,or y surface roughness can result from insufficient dispersion 9 cl'spers.on, 

or J," ^ °l neC f Ssity tha in,erla y er of theinvention may contain a lubricant as desired. Saturated or not a fattv 

1 , c T' SaC ? and f ' ° r ° th6r kn ° Wn ' UbriCant may be used si "9'y or as « ™*«re of two or more ^ More destra^e 
.s the use of a mixture of two or more fatty acids or esters of different melting points. The mixture rnee s the element 

issr* suppiyin ? ,h : surface ° f a ma9ne,ic rec ° rdin 9 medium a ^nvsiin^TS 

temperature environments where the medium is used serving in an me 

[0041] Examples of the lubricants that can be suitably used are, among fatty acids, saturated linear ones such as 
stearic, pa.m, ,c mynsfc. .auric, and erucic acids, and saturated branched ones such as isocetyHc w JScSZSS,? 
and unsaturated fatty acids such as oleic, linolic, and linoleic acids 'sosteanc acids, 

!^> 4 h L USe ! U ' 6Ster ! inC ' Ude ' inear saturated ,a «Y enters such as butyl stearate and butyl palmitate branched satu- 
a ed fatty es ers such as isocety. stearate and isosteary. stearate, unsaturated fatty esters 

TZ I ? ° 7 satura,ed al ^.s such as oley. stearate; esters of unsaturated fa«y acids and unsaturated TjZSL 
such as oley oleate; esters of dihydric alcohols such as ethylene glycol distearate esters of dihjdic alcohol and 
3 ' a K id !, SlJCh 38 e,hy ' ene 9lyC °' "onoo.eate, e.hy.ene glycol dioleate. and ntopX g W^e"e 

zzxz r^ssr jsr^ fa,ty acids such as — - s; 

, ? 6 /^^f :° ment ln ,hS inter,a V er ™»V be suitably adjusted to suit the intended use A desirable ranae 

30 ■ ,0 ° T; °' t0ta ' W6i9ht ° f thS miXtUre inClUdi "9 *» powder and carbonback 9 

tSi? t v M * er ™ sX have a surface roughness (the term surface roughness as used hereirrepresents 

he centerlme average height measured in conformity with JIS BO601 and designated Ra) The Ra immed atelv af Sr 
the provision of an interlayer (without any treatment for finish) is not more than 1 1 nm, preferably no, Ze^an 11 nm 

more than P f 8ra y H n0t *?" '° ^ The Ra after finish as by slendering is no, more thiTr^SLil S 
Ster in wh h and more P referab| y no1 than 4.5 nm. In practicing the coating methods as wi I bTdlschbed 
T r T ? ma9netiC ' ayer in W6t S,a,e are ,ormed by coatin 9 erther simultaneously or sequel 2? 

OoVsi m rt 6 ,n , ayef al ° ne by C ° atin9 and COnfirm ,hat its Ra fa, ' s «■»"" specified range 

0045] There.snopamcularl.m.tat.ontothe^ 

ro..s or reverse rolls, or a nozzle coater with an extrusion die or the .ike may be employed. For tZZS^ZSEZ 
layer a nozzle coater with an extrusion die is recommended. These means are essenL for simultaneous or seTuemS 

mTJh 9 ;rr ? The coating methods ,or formin9 b ° th ^tic i aye r are ™z^iz see 

fTnisNn^^^ 

I^nS^^t*"? 8 ^ ° VSr * (the m6,h0d b6ing knOWn as seauen,ial coati "9 or weton dny7 

Anothe method consists ,n forming an interlayer and, while it is still wet, applying a magnetic layerover it (wet seouenJal 

Z Seou cTZ s 61 " 0 ' IT 8 b ° th in,er ' ayer 8nd magnetiC ' a V- a. »he 9 same 9 ,ime asTu^^d feye's S 
hlT! ^ 1 ^ 9) Sequen,,al coa,in 9 is P re, erred because it requires neither any consideration of ,he comDatiS 
between the binders of the interlayer and magnetic layer coating compositions, the types and propon on ^ 
used, nor any adjustment of the viscosities and other properties of the coating materials The we^ Sequential 2 
and wet simultaneous coating are hereinafter collectively called wet<,n-wet sequential coating 

[0046] For the purposes of the invention, the magnetic layer to which the present invention is applicable has a film 

TxceedTol ^ ^ " ,f,m ,hiCknSSS ° f ,He ma 9 netic ^ is than 0.05 J is hfg^aSle f" 
concomitant Z Sel ^ ema ff 2a,ion and ^adequate overwriting can occur during short wave.ength recording Twft! 
concomitant deterioration of electromagnetic conversion characteristics coramg, witn 

Sn^ PL 3 *"' 136 ' 6 ,err0rnagne,ic P ° Wders ,or use in the present invention are fine powders of metallic alloys or hexag- 

55 oT,I n o 6Sirable m T" ,C L a " 0y fine P ° WderS are 1,1056 Wi,h Hc 1500 to 3000 ° e . CTS 120 to 160 emu/g mean length 
to ™ 0 O T m HH a , n 10 ,0 20 ^ aSp6Ct ra,i ° 1 2 10 20 The resulti "9 medium is to have an ^01 500 

ooTqi n Z e,6mentS Ni> Zn ' C °' Al " Si ' Y or rare earth ma V be add « d to suit the intended use 

[0049] Desirable hexagonal plate fine powders are those wrth Hc 1000 to 2000 Oe, os 50 to 70 em jg mean p.a«e 
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diameter 30 to 80 nm, and plate ratio 3 to 7. The resulting medium is to have an He of 1200 to 2200 Oe. Depending 

on the intended use, Ni, Co, Ti, Zn, Sn, or rare earth may be added as additional elements. 

[0050] Other known materials may be employed without particular limitation for the intended use. 

[0051] The invention will be described in detail below in connection with its examples and comparative examples 

[0052] In evaluating the products the following methods were used, and the results with the examples are shown in 

Table 1 . 
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Table l 



10 



15 



20 



25 



30 



35 



40 



45 



SO 



Int«xl«y#r composition 



PiS»«nt ratio 
llmrgwm Larbon 
IflQA ! black 
I powder ; 



Ex a/Bp 1« Q ] 

OH 
03 I 
"04 1 
"pjj 
' 06] 
" "07 1 
"081 
091 
101 
1 f 

n) 

13] 
'14 
15 



75 

75 

75 

75_ 

75_ 

75 

75 

75 

60 

80 

75 

7*5 

75 

75 



100 

25 

25 



Part- ' J 
icla J 
dlamataa 



SAJ&atLjiLnck. 
Sp.aurt*cc 
area 



■ 2/£ 



25 
25 
21 
25 

" 25 ' 
25 
40 
20 
25 

"25 
25 
25 



01 
02 

03 1 



100 
100 



EmSpTT"" 



04 j 

'"051 
061 
07j 

j? 8 
Ofl 
10 1 
11 

if 

13] 
H 



100 

75 

75 

75 r 

75 
75' 
75 " 
?5_ 
75 



J5 
2_5 
"25 

*L 
25 



75 
"75 
75 



_25 

_L 5 ~ 
If 

J5 

25 

25 



30 
3*6 
30 
30 

A? ... 
30 ! 
"30 
30 
30 
30 
30 
'30 
30 
30 
30 



S3 
63 
63 
63 
63_ 
63 

« 
63 

63 
63 
63 
63" 
63 
63 
66 



DBF oil 
absorption 

cc/lOOg 



y_ l _ 



48 
48 
48 
48 

48" 
48 

48" 
48 
48 
48 

iL 

48 
48 

SO 



30 i 
21 ! 



30 _: 

30 V 
24"! 

II. |. 
40 { 



63 

122 i 

jr.:.} 

63 I 

j£L. L 
122 

60 



16 



41 



ir.p:«_ 



2_0 
80 



250_ 
42 
93 
2"0"0 
24 



16, 
15 



75 
75 



25 
25 



Exaopla 



Loop !*TjF~ 



I7i 
18 



16.1 
17 



75 
75_ 
75 
75 
75 



;q«t>.e«. 18 j 75 



25 

_?5 
25 

JS 
25" 



16 ? " 250 t 



46 
66 

48" 

"48" 
46 

6_6 
"62 

76 

lis 

"28" 
76 



Total 
P/B 



3.8 

5.6 

5.6 

$.$ 

S.± 

5.6' 

5:6 

5.6 

5.6 

5.6 

5 . 6' 

5^6 

4.6 

6.0 

5.6 



Matnell e I I ntar— 
layar llayar 
coatint feoatln* 



2.5 
3.6 
£i 
5.6" 



A 
A 
A 
A 

A" 

A 

A' 

A 

A 

A 

A 

a 

B" 

A 

A 



»-] 

b-1 
b-J 
b-J 

b-r 



b-1 
b-1 

b-r 

b-2 
b-3 
b-4 
b-i 
c 

b-5 
b-6 



A 
A 

_A_ 
A 



5.6 
5.6 
J.6 
S.i~ 



5.6 



30 
21 



63 
122 



48 
66 



30 i 
IffJ 

?Ll. 
21 ; 

30 : 

21 i 



63 
63 

±22] 
122 
6J_ 

"i'i2 



48 
48 
66 



66 
48 

66" 



5.6 

S_."6_ 
5.6 

ili. 



A 
B 



a-2 
»-3 

b£7" 
b_-l" 
b-T 

bH|' 
b r 9" 

b-lf 
b-J 2 
b-JJ 
b-M 
b-lS* 
b-1! 



S.6 
5.6 



C 
C 



b-1 
b-9 



5.6 

J.*6 

5":6 
J. 6_ 

s:"6 



.0 

X 

0 

X 

E 



b-1 
b-1 
b-9 
b-9 
b-1 
b-9 
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Table 1 (Continued) 



w 



15 



20 



25 



30 



35 



40 



45 



SO 



55 



Results of •valuation 



Surftc* roughness Re Surfec 



layer 

nm 



*T 5 

4. 8 

4. 3 
3.8 
T.T 
3. 6 
1 8 
3.2 

3. S 

4. 0 
3:7 
3.5 
4. 0 
4. 3 
3.8 



"Inter- 
lay a r 

nm 



propar- 
tias 



I 



5. S 
5. 5 
4. 5 

4.0 1 
4.0 
3.8 
"3.5 
3.5 
4.0 

3. 7 
3.8 

4. 1 
4. 8 
3. 9 



I 



o 

O 
O 

"O" 

o 
o 
u 
o 
o 
o 
cr 
cy 
o 
o 



El*ctroeo«snetic 
CQny» r ilft^ rfrsr_ 

C/H 



Output 

dB 



dB 



+0.0 
+0. 2 
+ 1.0 
11.2 
+ 1.0 
+0. 5 

EL * 
+0.8 

41. 2 
+ 1.0 
41.2 
+0.8 
"+0. 5 
+0.5 
+ 1.0 



i ...J. 



+0.0 

+6. 2 

+6! 3 

+0. 4 

+0."3 

+0.2 

+0^2 

+0.0 

+0.5 

+6. 3 

+6.4 

+6.2 

+6. 1 

+0.0 

+0.S 



StiU 

prop, r 

tlaa 

Hr$ 



11 
10 

2~6" 

i£ 

18" 

ii 
15 

20 

20 

20 

IE 

"18 
12 
20 



Electric 
resis- 
tance 



CuppiDt 



mm 



Ganaral 
•valua- 
tion 



1x10* 

iiTo" 1 

5X10 1 " 

lxl6 f 

IxlO 1 "" 
1x10 v 
1 x I0 r 
SxlO* 

ixio'~ 



-0.3 



-0. 5 

-0. 4 



-0.3 



H0.3. 
-0.4 



-0.4 
-0. 4 



-0.3 



1x10* 

ixfo* 

1x10* 



- 0. 3" 
-0.4 



A 
A" 

I- 

XT" 

"a 



o 



5. 2 
7.5 
3.5 

570 



I .5,5 ; VT. 

I 11.0) »tr««kT 



-1 




0 1 -2.0 

"-6 3 
+ 1.0 J +0.2 



-5..J..1 



-0.2 



-0.3 



-1.0 



r 0. 8 
-0. 3" 



15 
IS 



1x10' 
fx 10* 



15 



1x10 



TT 



+ 0.0 

"+0.5 



+0.5 



-1.2 



8 



6x10* 



-0.4 



-1.0 



20 



1xT(r 



-0.3 



-1.8 



12 



1x10' 



+0. 5 



-1.0 



-1.6 



12 



1x10* 



+0. 5 



-1. 1 



12 



1x10 r 



-1.9 



8 



1x10*" 



-0. 1 



_-0. 8J I -KJ 

-0. 5 ± -LL 
_-j/3 J -2,1 
-0. 8 i 2-1. 5" 
-i" 2~l -2.3 



+0. 5 



1xl(T 



+0.5 



IxlF 



+0. 3 



7 
I" 



1x10 ' 
1x10 



10- 



+0. 5 



IxlO*" 



+0. 1 



+0. 4 



+ 1.4 



40.5 



-0.2 I -1.0 



12 
12 



1x10* 

ixio* 



X 



i.J 

4. 8 

573 



3.3 J O 
7.3 i A 



+1-0 ! +1.0 

+4. 0317+ 3 JL 
-6.2 1-2 .3 
-1.9 i -4.2" 



1x10* 



O 



1x10* 
j_xip r 
1x10 r 



O 



.JL-A..J. 
5. 3 



1 



± 0 i Q_ 

7.3 I A 



+4.0 I +3.5 



1x10* 



+ 2. 1 



40.8 



txfir 



(1) Surface roughness Ra: 

Measurements were made in conformity with the procedure of JIS B-0601. The measurement instrument 
employed was Taylor-Hobson Talystep". The smaller the surface roughness Ra of a magnetic layer the better. 
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(2) Surface quality: 

«„H a T , h e e K SUrfaCe qUa ' ily ^ ViSUa " y inspected - A surface withou » stream or unevenness was rated "o° a 
surface having i no unevenness but one streak or two was rated "A", and a surface having three or more streaks 

:z^ZT^ a surface partia,iy uneven was d ~ — a - sr-s ; 

(3) Electromagnetic conversion characteristics: 

teSti w 9: t3pe d8 f kS /° r measur ements were remodelled according to the necessity so that they could 
record and reproduce signals of single waveforms. 

Examples 1-16 & Comparative Examples 1-15 

[0053] 



Testing tape deck 
Reference tape 



"AJ-D750' made by Panasonic 
"AJ-P63MP" by Panasonic 



(The measuring frequency was 21 MHz and the recording wavelength was 0.5 jam.) 
Examples 17-18 & Comparative Examples 16-17 
[0054] 



Testing tape deck j "CI 537" made by HP 
Reference tape j "RSD-7095' by SONY 



(The measuring frequency was 13.5 MHz and the recording wavelength was 0.44 urn) 
Example 19 & Comparative Example 18 
[0055] 



Testing tape deck j "EV-S900 n made by SONY 
Reference tape | M Super-DC M by Fuji 



(The measuring frequency was 7 MHz and the recording wavelength was 05|im) 
EISLn"^ 6 ?™ ^T 1 " j l USed t0 mean thG re P roduction output of a record of measuring frequency and single 
Z^n^H? k Wave,en9th ' as com P ared with the reference tape and indicated in terms of dB. A positive vafue 
x^nlfll res P ect " e ^ e ^ce tapes is to be desired. The term "C/N" represents a comparison between 

^ the Carri6r Si ^'' in dB ^in a positive value compared to 



(4) Still: 

The test decks were placed in environments of ordinary temperature and ordinary humidity or at 0°C partly 

~ ' 1l!T 10 T?? Si ^ a ' S iP 3dVanCe ' SSt ,0 Stay sti " durin 9 p,a V back ' and the le "9th of time until the 
signal strength dropped below 80% of that at the start of stillness was measured. The longer the time the better 
and a period of over 1 0 hours was to be desired. 

(5) Cupping: 

™ , m^! e "? ° c " pping " applies to a measurement of the height of a convex of either the magnetic side or back 
coat (BC) side of a tape sample set upside and kept stationary on a horizontal plane. When the back coat side is 
convex it is represented by a positive cupping value, and when the magnetic side is convex it is represented by 
a negative value. It is desirable that cupping is negative, or the magnetic side is convex, more desirably -0 1 mm 
to -1 .0 mm, still more desirably -0.2 mm to -0.8 mm. 

(6) Surface electrical resistance: 

The surface electrical resistance of a magnetic side is represented by CI and expressed in a unit of £2/sq. If 
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this value of a magnetic side is too low, it will have adverse effects upon the electromagnetic conversion charac- 
teristics. A too high value is undesirable either, since the magnetic side will attract dirt and dust while the tape 
runs. The surface electrical resistance of the magnetic side is desirably in the range from 5x10 s to 1x10 10 Q/sq 
more desirably from 5x1 0 s to 5x10 9 £2/sq. ' 
5 (7) General evaluation 

General evaluation is such that, when the properties tested were better than the requirements a high rating 
of °o n is awarded, when they just meet the requirements a rating of "A" is given, and when they fail to meet the 
requirements a rating of w x" is given. 

io Example 1 

[0057] Coating materials for interlayer, magnetic coat, and back coat were made in accordance with the following 
formulations: 

75 

1. Interlayer coating material (a-1) 

Carbon black 100 wt parts 

mean particle diameter 30 nm, BET specific surface 
area 63 ra 2 /g / DBP oil absorption 48 cc/100 g, pH 7.4 

["Raven 760B" made by Columbian Carbon Co.) 
a-Alumina (Mohs' hardness 9) 5 wt parts 

mean particle diameter 200 run, BET specific surface 
30 area 9*5 m 2 /g 

["HIT-50" made by Sumitomo Chemical Co.] 
Dispersant (phosphoric ester) 3 vrt parts 

35 

["RE-610" made by Toho Chemical Co.] 
Electron radiation curing 
40 vinyl chloride resin [NV30%] 47 wt parts 

vinyl chloride-epoxy-containing monomer copolymer 



mean degree of polymerization 
epoxy content 
S content 
acrylic content 
Tg 

Electron radiation curing 

polyurethane resin [NV35%] 40 wt parts 



310 
3 wt% 
0.6 wt% 
6/molecule 
60°C 
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w 



15 



20 



25 



30 



35 



40 



phosphorus compound-hydroxy-containing 
polyester polyurethane 



GPC 

acrylic content 
Tg 

Methyl ethyl ketone 

Toluene 

Cyclohexanone 



Mn 26000 
6/molecule 
-20°C 

155 wt parts 
90 ■■ 
60 " 

(Total 500 wt parts) 



[0058] These ingredients were mixed, dispersed by a sand grinder mill, and after the addition of the following 
position, the whole mixture was further dispersed to obtain an interlayer coating material (a-1 ). 



com- 



Butyl stearate 


2 wt parts 


Stearic acid 


1 wt parts 


Methyl ethyl ketone 


73 wt parts 


Toluene 


44 wt parts 


Cyclohexanone 


30 wt parts 




(Total 650 wt parts) 



[0059] The coating methods used were wet-on-wet for Examples 1 2 and 1 3 and for Comparative Example 1 4 and 
wet-on-dry for the rest of Examples and Comparative Examples. 



45 



so 



55 



2. Magnetic coating material (A) 



Metallic magnetic powder 

BET 50 m2/g, He 2360 Oe. as 1 43 emu/g, SFD 0.49, Co/Fe = 30 at%, length 0. 1 0 urn, breadth 
16 nm Dispersant (phosphoric ester) 

["RE-eiO- made by Toho Chemical Co.] 
Carbon black 

mean particle diameter 84 nm, BET 28 mP/g, DBF oil absorption 84 ml/100 g, pH 7.0 

["#1 0B" made by Mitsubishi Chemical Co.] 
ct-Alumina 

mean particle diameter 130 nm, BET 21 m 2 /g 

[ M HIT-80° made by Sumitomo Chemical Co.] 
Vinyl chloride resin 

["MR-110" made by Nippon Zeon Co.] 
Polyester polyurethane resin [NV30%] 

["UR-8300" made by Toyobo Co.] 
Methyl ethyl ketone 
Toluene 
Cyclohexanone 



100 wt parts 
3 wt parts 



0.2 wt part 

3 wt parts 

8 wt parts 

16 wt parts 

70 wt parts 
70 wt parts 
70 wt parts 
(Total 340 wt parts) 



[0060] The above ingredients were mixed, dispersed by a sand grinder mill, and, after the addition of the following 
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composition, the whole mixture was dispersed to obtain a magnetic coating material. 



Butyl stearate 


1 wt part 


Stearic acid 


1 wt part 


Methyl ethyl ketone 


95 wt part 


Toluene 


95 wt part 


Cyclohexanone 


268 wt part 




(Total 800 wt parts) 



[0061] Immediately before coating, n Coronate L" (solids 75%) of Nippon Polyurethane Industry Co. was added as a 
crosslin king agent to the magnetic coating material (A), in an amount of 33 wt% on the basis of the resin weight in the 
coating material. 



3. Back coat coating material 


Carbon black 


100 wt parts 


Dispersant 


2 wt parts 


Abrasive [a-iron oxide] 


5 wt parts 


Nitrocellulose [NV70%] 


85 wt parts 


Polyester polyurethane resin [NV30%] 


85 wt parts 


Methyl ethyl ketone 


210 wt parts 


Toluene 


240 wt parts 


Cyclohexanone 


73 wt parts 




(Total 800 wt parts) 



[0062] The above ingredients were mixed, dispersed, and, after the addition of the following composition, the whole 
mixture was further dispersed to prepare a back coat coating material. 



Nitrocellulose [NV70%] 


20 wt parts 


Polyester polyurethane resin [NV40%] 


27 wt parts 


Methyl ethyl ketone 


420 wt parts 


Toluene 


420 wt parts 


Cyclohexanone 


113 wt parts 




(Total 1800 wt parts) 



[0063] (I n all of the Examples this back coat coating material was applied. Throughout the Examples the final products 
had the same surface roughness Ra of 1 3.0 nm.) 

[0064] Immediately before the application of the back coat coating material, "Coronate L° (solids 75%) of Nippon 
Polyurethane Industry Co. was added as a crosslinking agent in an amount of 27 wt% on the basis of the resin weight 
in the coating material. 

[0065] The interlayer coating material (a-1 ) was applied to a 6.5 u.m-thick dual type PET film (magnetic side Ra 5.0 
nm, back side Ra 10 nm, Young's modulus MD/TD = 600/650) by a nozzle coater of an extrusion die type at a coating 
speed of 150 m/min. After drying, the coating was calendered and cured by exposure to electron radiation in an N 2 
atmosphere. The magnetic coating material (A) was applied to the cured interlayer by an extrusion die type nozzle 
coater, subjected to magnetic orientation by a permanent magnet at 7000 G in a drying oven, and thus dried to provide 
a magnetic layer. The laminated sheet was calendered. Further, the back coat coating material was applied to the back 
side, dried, and the sheet was wound into a roll. In this way a film with a magnetic layer thickness of 0.20 u.m, interlayer 
thickness of 1.0 um and back coat thickness of 0.5 \im was formed. The roll was allowed to stand for 24 hours or 
more, again allowed to stand at 60°C for 24 hours, allowed to cool down, and thereafter slitted into ribbons 6.35 mm 
wide as tape samples. 



Electron radiation condition 


electron curtain type electron accelerator 


Acceleration voltage 


200 keV 


Electrode current 


40 mA 


Absorbed dose 


4 Mrad 
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(continued) 



Finish conditions 



4-nip calender 



with steel elastic rolls, temp. 60°C, line pressure 350 kg/cm, speed 150 m/m 
Examples 2-8 
[0066] 

Interlayer coating material (b-1) 

Inorganic fine powder [a-iron oxide] 75 wt parts 
mean length 0.15 mdi, mean breadth 30 nm, 
specific surface area 53 m 2 /g, pH 5.9 

[ "DPN-2 50BW H made by Toda Kogyo Corp.] 
Carbon black 25 wt parts 

mean particle diameter 30 nm, BET specific surface 
area 63 m /g, DBP oil absorption 48 cc/100 g, pH 7.4 

["Raven 760B" made by Columbian Carbon Co.) 
a-Aluroina (Mohs' hardness 9) 5 wt parts 

mean particle diameter 200 nm, BET specific surface 
area 9.5 m 2 /g 

[ M HIT-50 n made by Sumitomo Chemical Co.] 
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70 



75 



20 



25 



30 



35 



40 



Dispersant (phosphoric ester) 3 wt parts 

["RE-610" made by Toho Chemical Co.] 

Electron radiation curing 

vinyl chloride resin [NV30%] 30 wt parts 

vinyl chloride-epoxy-containing monomer copolymer 



mean degree of polymerization 
epoxy content 
S content 
acrylic content 
Tg 

Electron radiation curing 

polyurethane resin [NV3 5%] 2 6 wt parts 

phosphorus compound-hydroxy-containing 

polyester polyurethane 



310 

3 wt% 

0.6 Wt% 

6/molecule 

60°C 



GPC 

acrylic content 
Tg 

Methyl ethyl ketone 

Toluene 

Cyclohexanone 



Mn 26000 
6/molecule 
-20°C 

7 4 wt parts 
74 " 
4 8 " 

(Total 3 60 wt parts) 



45 [0067] These ingredients were mixed, dispersed by a sand grinder mill, and after the addition of the following 
position : the whole mixture was further dispersed to obtain an interlayer coating material (b-1 ). 



50 
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acrylic content 
Tg 

Methyl ethyl ketone 

Toluene 

Cyclohexanone 



: 6/molecule 
; -20°c 

74 wt parts 
74 " 
4 8 » 
(Total 360 wt parts) 



I0026J 



[0068] These ingredients were mixed, dispersed by a sand grinder mill, and after the addition of the followinq 
position, the whole mixture was further dispersed to obtain an interlayer coating material (b-1 ). 



com- 



Butyl stearate 


1 wt part 


Stearic acid 


1 wt part 


Methyl ethyl ketone 


16 wt part 


Toluene 


16 wt part 


Cyclohexanone 


6 wt part 




(Total 400 wt parts) 



!°°tk 91 U !' n9 thiS , in * er,ayer coatin 9 material ( b ~ 1 )• ta Pe samples were made in the same way as described in Example 
1 The thickness of the interlayer and the type of base film were varied as follows: 



Film Mate- (Young's modu- 

thickness rial lus MD/TD) 



Example 2 
3 



6, 5 /iia 
6.5 



PET (600/650)kg/mm 2 
( " ) 



Interlayer 
thickness 

0 . 6 fim 
1.0 



40 



45 
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w 



15 



20 



25 



30 



35 



40 



45 



Dispersant (phosphoric ester) i wt part 

["RE-610 M made by Toho Chemical Co.] 

Electron radiation curing 

vinyl chloride resin [NV30%] io vt parts 

vinyl chloride-epoxy-containing monomer copolymer 



mean degree of polymerization 
epoxy content 
S content 
acrylic content 

Electron radiation curing 

polyurethane resin [NV35%] 9 wt parts 

phosphorus compound-hydroxy-containing 

polyester polyurethane 



310 
3 wt% 
0,6 wt% 
6/molecule 
60°C 



GPC 

acrylic content 
Tg 

Methyl ethyl ketone 

Toluene 

Cyclohexanone 



Mn 26000 
6/molecule 
-20°C 

3 2 wt parts 
3 2 » 
21 " 

(Total 130 wt parts) 



[0070] The above ingredients were mixed, dispersed by a sand grinder mill, and a carbon black coating material 
obtained. 



50 



Inter layer coating material (b-2) 

Inorganic fine powder [a-iron oxide] 75 wt parts 



55 
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polyester polyurethane 

GPC 

acrylic content 
Tg 

Methyl ethyl ketone 

Toluene 

Cyclohexanone 



Mn 26000 
6/molecule 
-20°C 

32 wt parts 

3 2 » 

21 

(Total 130 wt parts) 



[0028] 



[0071] The above ingredients were mixed, dispersed by a sand grinder mill, and a carbon 
obtained. 



black coating material was 



Interlayer coating material (b-2) 

Inorganic fine powder [cr-iron oxide] 75 wt parts 
mean length 0.15 fim, mean breadth 3 0 nm, 
specific surface area 53 m 2 /g, pH 5.9 

[ M DPN-250BW" made by Toda Kogyo Corp.] 
a-Alumina (Mohs' hardness 9) 5 wt parts 

mean particle diameter 200 nm, BET 9.5 m 2 /g 

["HIT-SO" made by Sumitomo Chemical Co.] 
Dispersant (phosphoric ester) 2 wt parts 

["RE-eiO" made by Toho Chemical Co.] 
Electron radiation curing 

vinyl chloride resin [NV30%] 20 wt parts 

vinyl chloride-epoxy-containing monomer copolymer 
mean degree of polymerization : 310 
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3 wt% 
0.6 wt% 
6/molecule 
60°C 



epoxy content 
S content 
acrylic content 
Tg 

Electron radiation curing 

polyurethane resin [NV35%] 17 w;t parts 

phosphorus compound-hydroxy-conta ining 

polyester polyurethane 



GPC 

acrylic content 
Tg 

Methyl ethyl ketone 

Toluene 

Cyc lohexanone 



Mn 26000 
6/molecule 
-20°C 

50 wt parts 
50 " 
31 " 

(Total 250 wt parts) 



f0029] 



[0072] These ingredients were mixed, dispersed by a sand grinder mill, it was mixed with the carbon black coating 
material prepared in advance, and the whole mixture was further dispersed. 



Carbon black coating material 



1 30 wt parts 
(Total 380 wt parts) 



[0073] The following ingredients were then added and dispersed altogether to form an interlayer coating material (b- 



Butyl stearate 



1 wt part 



so 



55 



Example 10 
Example 11 



Inorganic fine powder 
/carbon black 

60/40 

80/20 



interlayer coating material 

(b-3) 

interlayer coating material 

(b-4) 
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Example 12 



[0074] Magnetic coating material (B) 



10 



15 



20 



25 



30 



35 



40 



Metallic magnetic powder 

BET 50 m2/g. He 2360 Oe, as 1 43 emu/g, SFD 0.49, Co/Fe = 30 at%, length 0. 1 0 um, breadth 
1 6 nm 

Dispersant (phosphoric ester) 

["RE-610" made by Toho Chemical Co.] 
Carbon black 

mean particle diameter 84 nm, BET 28 rrvVg, DBP oil absorption 84 ml/100 g, pH 7.0 

[ W #10B H made by Mitsubishi Chemical Co.],. 
a-Alumina 

mean particle diameter 130 nm, BET 21 m 2 /g 

["HIT-80 1 ' made by Sumitomo Chemical Co.] 
Vinyl chloride resin 

["MR-110 n made by Nippon Zeon Co.] 
Polyester polyurethane resin [NV30%] 

[ B UR-8300 n made by Toyobo Co.] 
Methyl ethyl ketone 
Toluene 
Cyclohexanone 



100 wt parts 

3 wt parts 
0.2 wt part 

5 wt parts 

8 wt parts 

1 6 wt parts 

70 wt parts 
70 wt parts 
70 wt parts 
(Total 342 wt parts) 



so 



ss 



[0075] The above ingredients were mixed, dispersed by a sand grinder mill, and, after the addition of the following 
composition, the whole mixture was dispersed to obtain a magnetic coating material. 



Butyl stearate 


1 wt part 


Stearic acid 


1 wt part 


Methyl ethyl ketone 


188 wt part 


Toluene 


188 wt part 


Cyclohexanone 


82 wt part 




(Total 802 wt parts) 



[0076] Immediately before coating, "Coronate L" (solids 75%) of Nippon Polyurethane Industry Co. was added as a 
crossl.nkmg agent to the magnetic coating material (B), in an amount of 33 wt% on the basis of the resin weight in the 
coating material. a 

[0077] Using this magnetic coating material (B), the interlayer coating material (b-1 ) of Example 7, and the base film 
of Example 4, an interlayer was formed by coating at a coating speed of 1 50 m/min by means of an extrusion die nozzle 
coater so that the dry thickness of the layer would be 1 .4 urn. While the layer was still wet, the magnetic coating material 
was applied by an extrusion die nozzle coater to a dry thickness of 0.20 urn After orientation, drying, calendering and 
exposure to electron radiation, the laminate was coated with the back coat coating material to form a back coat with 
a dry thickness of 0.5 um. The product was wound into a roll. Tape samples were obtained in the manner described 
in Example 4. 

Example 13 

[0078] Interlayer coating material (c) 



Inorganic fine powder [a-iron oxide] 

mean length 0.15 um, mean breadth 30 nm, 

specific surface area 53 m 2 /g, pH 5.9 

[ a DPN-250BW fl made by Toda Kogyo Corp.] 
Carbon black 



75 wt parts 



25 wt parts 
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(continued) 

mean particle diameter 30 nm, BET specific surface area 63 nrVg, DBP oil absorption 48 cc/ 
100g, pH7.4 

["Raven 760B M made by Columbian Carbon Co.) 
a-Alumina (Moris' hardness 9) 

mean particle diameter 200 nm, BET specific surface area 9.5 a£/g 

[THT-50 a made by Sumitomo Chemical Co.] 
Dispersant (phosphoric ester) 

[ n RE-610 n made by Toho Chemical Co.] 
Vinyl chloride resin 

[ n MR-110 a made by Nippon Zeon Co.] 
Polyester polyurethane resin (NV30%] 

[ tt UR-8300 a made by Toyobo Co.] 
Methyl ethyl ketone 
Toluene 
Cyclohexanone 



10 



15 



20 



25 



30 



35 



(Total 



5 wt parts 

3 wt parts 

9 wt parts 

30 wt parts 

81 wt parts 
81 wt parts 
51 wt parts 
360 wt parts) 



[0079] The above ingredients were mixed, dispersed by a sand grinder mill, and, after the addition of the following 
composition, the whole mixture was dispersed to obtain an interlayer coating material. 



Butyl stearate 


1 wt part 


Stearic acid 


1 wt part 


Methyl ethyl ketone 


1 6 wt part 


Toluene 


1 6 wt part 


Cyclohexanone 


6 wt part 




(Total 400 wt parts) 



[0080] Immediately before coating, "Coronate L" (solids 75%) of Nippon Polyurethane Industry Co. was added as a 
crosslinking agent to the interlayer coating material, in an amount of 27 wt% on the basis of the resin weight in the 
coating material. 

[0081] Using this interlayer coating material (c) and the magnetic coating material (B) of Example 1 2, tape samples 
were obtained in the same manner as described in Example 12 with the exception that the electron radiation was 
omitted. 



40 



45 



Example 14 

[0082] In the interlayer coating material (b-1) of Example 4, the resin amounts were changed as follows and the 
resulting interlayer coating material (b-5) was used to obtain tape samples like those of Example 4. 



Electron radiation curing 

vinyl chloride resin [NV30%] 
Electron radiation curing 

polyurethane resin [NV35%] 



27 wt parts 
23 wt parts 



so Example 15 



ss 



[0083] In the interlayer coating material (b-1 ) of Example 4, the carbon black was changed to the following, and the 
resulting interlayer coating material (b-6) was used to obtain tape samples like those of Example 4. 

mean particle diameter 30 nm, BET specific surface area 66 m2/g, DBP oil absorption 50 cc/100 g, pH 2.4 

["Raven 1060B" made by Columbian Carbon Co.) 
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Comparative Example 1 



[0084] In the interlayer coating material (a-1 ) of Example 1 , the resin amounts were changed as follows and the 
resulting interlayer coating material (a-2) was used to obtain tape samples like those of Example 1 . 



Electron radiation curing 

vinyl chloride resin [NV30%] 
Electron radiation curing 

polyurethane resin [NV35%] 



67 wt parts 
57 wt parts 



Comparative Example 2 



[0085] In the interlayer coating material (a-1 ) of Example 1 , the carbon black was changed to the following and the 
resulting interlayer coating material (a-3) was used to obtain tape samples like those of Example 1 

mean particle diameter 21 nm, BET specific surface area 122 rr»g. DBP oil absorption 66 cc/100 g pH 2 5 

["Raven 1255B" made by Columbian Carbon Co.) 

Comparative Example 3 

[0086] In the interlayer coating material (b-1) of Example 4, the inorganic fine powder content was changed to 100 
parts by weight and the carbon black content to 0 part by weight, and the resulting interlayer coating material (b-7) 
was used to obtain tape samples like Example 4. } 

Comparative Examples 4-5 

[0087] The thickness of the interlayer was changed as follows, and then tape samples were obtained in the manner 
described in Example 4. 



30 


Interlayer thickness 




Comparative Example 4 


0.4 urn 




Comparative Example 5 


2.8 



Comparative Examples 6-1 3 

[0088] In the interlayer coating material (b-1) of Example 4, the type of carbon black was changed as follows and 
the resulting interlayer coating materials were used to obtain tape samples as in Example 4. 



Comparative Example 6 



Comparative Example 7 



Comparative Example 8 



Comparative Example 9 



Comparative Example 10 



Interlayer coating material (b-8): 

mean particle diameter 24 nm, BET specific 

surface area 124 rn 2 /g, DBP oil absorption 

46 cc/100 g, pH8.0 

[ a #45B" by Mitsubishi Chemical Co.] 

Interlayer coating material (b-9): 

mean particle diameter 21 nm, BET specific surface area 122 rr>2/ g . DBP oil absorption 
66 cc/100 g, pH 2.5 ~' 
["Raven 1255B" by Columbian Carbon Co.] 
Interlayer coating material (b-1 0): 

mean particle diameter 40 nm, BET specific surface area 60 rr^/g, DBP oil absorption 62 
cc/100 g, pH 8.0 

["CF9B" by Mitsubishi Chemical Co. J 
Interlayer coating material (b-n) : 

mean particle diameter 16 nm, BET specific surface area 250 m2/g. DBP oil absorption 

76 cc/100 g, pH 8.0 

["#950B* by Mitsubishi Chemical Co.] 

Interlayer coating material (b-1 2): 

mean particle diameter 41 nm, BET specific surface area 42 mVg, DBP oil absorption 1 21 
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Comparative Example 12 



Comparative Example 13 



Comparative Example 14 
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cc/100 g, pH 7.5 

["Black Pearls 280 " by Cabot Corp.] 
Interlayer coating material (b-1 3): 

mean particle diameter 28 nm, BET specific surface area 93 m 2 /g, DBP oil absorption 74 
cc/100 g, pH 8.0 

f#33B" by Mitsubishi Chemical Co.] 
Interlayer coating material (b-14): 

mean particle diameter 20 nm, BET specific surface area 200 rr^/g. DBP oil absorption 
115 cc/100 g, pH 7.0 

["Conductex SC" by Columbian Carbon Co.] 
Interlayer coating material (b-15) 

mean particle diameter 80 nm, BET specific surface area 24 m 2 /g, DBP oil absorption 28 
cc/100 g 

["Asahi Thermal" by Asahi Carbon Co.] 



[0089] Except for the use of the interlayer coating material of Comparative Example 9 ; the procedure of Example 1 2 
was repeated to obtain similar tape samples. 

Example 16 



[0090] Magnetic coating material (C) 



Metallic magnetic powder 


1 00 wt parts 


BET 48 m 2 /g, He 2370 Oe, as 155 emu/g, SFD 0.44, 


Co/Fe = 30 at% : length 0.10 ujti, breadth 16 nm 




Dispersant (phosphoric ester) 


3 wt parts 


[ B RE-610 n made by Toho Chemical Co.] 


Carbon black 


0.2 wt part 


mean particle diameter 84 nm, BET 28 nr^/g, DBP oil absorption 84 ml/100 g, pH 7.0 




("#10B" made by Mitsubishi Chemical Co.] 




a-Alumina 


5 wt parts 


mean particle diameter 130 nm, BET 21 m 2 /g 




["HIT-80 n made by Sumitomo Chemical Co.] 




Vinyl chloride resin 


8 wt parts 


["MR-nO" made by Nippon Zeon Co.] 




Polyester polyurethane resin [NV30%] 


16 wt parts 


[°UR-8300" made by Toyobo Co.] 


Methyl ethyl ketone 


70 wt parts 


Toluene 


70 wt parts 


Cyclohexanone 


70 wt parts 




(Total 342 wt parts) 



[0091] The above ingredients were mixed, dispersed by a sand grinder mill, and, after the addition of the following 
composition, the whole mixture was dispersed to obtain a magnetic coating material. 



Butyl stearate 


1 wt part 


Stearic acid 


1 wt part 


Methyl ethyl ketone 


188 wt part 


Toluene 


188 wt part 


Cyclohexanone 


82 wt part 




(Total 802 wt parts) 



[0092] Immediately before coating, "Coronate L" (solids 75%) of Nippon Polyurethane Industry Co. was added as a 
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[0093] Using this magnetic coating material (C), the interlaver coatinn mawioi /k 1 y ~« n 

[0094] Film thickness Material (Young's modulus MD/TD) 



ro 



75 
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Example 16 | S.2\xm j PEN (600/1100) kg/mm 2 [ 



Comparative Example 15 
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Examples 17-18 



[0096] Magnetic coating material (D) 



35 



40 



45 
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Metallic magnetic powder 

BET 50 m 2 /g, He 2360 Oe, as 143 emu/g, SFD 0.49, 
Co/Fe = 30 at%, length 0.10 urn, breadth 16 nm 
Dispersant (phosphoric ester) 

["RE-610 n made by Toho Chemical Co ] 
a-Alumina 

mean particle diameter 130 nm, BET 21 rr^/g 
["HIT-80 H made by Sumitomo Chemical Co.] 

Vinyl chloride resin 

["MR-110" made by Nippon Zeon Co.] 

Polyester polyurethane resin [NV30%] 
["UR-8300 M made by Toyobo Co.] 

Methyl ethyl ketone 

Toluene 

Cyclohexanone 



(Total 



1 00 wt parts 

3 wt parts 
1 0 wt parts 

8 wt parts 

16 wt parts 

70 wt parts 
70 wt parts 
70 wt parts 
342 wt parts) 



Butyl stearate 
Stearic acid 
Methyl ethyl ketone 
Toluene 
Cyclohexanone 



1 wt part 
1 wt part 
188 wt part 
188 wt part 
82 wt part 
(Total 802 wt parts) 
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Film thickness 


Material 


(Young's modulus 
MD/TD) 


Mag. layer thickness 


Interlayer thickness 


Example 17 
Example 18 


4.5 jam 
4.5 jam 


polyamide 
poly amide 


(1100/1500)kg/mm 2 
(1100/1500(kg/mm 2 


0.12 urn 
0 .08 urn 


1.4 um 
1.4 jam 



Comparative Example 16 



[0100] The interlayer coating material of Comparative Example 7 was used but otherwise the procedure of Example 

1 7 was followed to obtain tape samples. 

Comparative Example 17 

[0101] The interlayer coating material ol Comparative Example 7 was used but otherwise the procedure of Example 

18 was followed lo obtain tape samples. 

Example 1 9 

[0102] Magnetic coating material (E) 



Metallic magnetic powder 


100 wt parts 


BET 52 m 2 /g, He 2200 Oe, as 145 emu/g, SFD 0.59, 


Co/Fe = 30 at%, length 0.09 \im, breadth 16 nm 




Dispersant (phosphoric ester) 


3 wt parts 


["RE-610" made by Toho Chemical Co.] 




Carbon black 


0.2 wt part 


mean particle diameter 84 nm, BET 28 m 2 /g, DBP oil 




absorption 84 ml/100 g, pH 7.0 




["#10B fl made by Mitsubishi Chemical Co.] 




cc-Alumina 


1 0 wt parts 


mean particle diameter 130 nm, BET 21 m 2 /g 




[ n HIT-80° made by Sumitomo Chemical Co.] 




Vinyl chloride resin 


8 wt parts 


[ n MR-110 n made by Nippon Zeon Co.] 


Polyester polyurethane resin [NV30%] 


1 6 wt parts 


[ tt UR-8300 M made by Toyobo Co.] 


Methyl ethyl ketone 


70 wt parts 


Toluene 


70 wt parts 


Cyclohexanone 


70 wt parts 




(Total 342 wt parts) 



[0103] The above ingredients were mixed, dispersed by a sand grinder mill, and, after the addition of the following 
composition, the whole mixture was dispersed to obtain a magnetic coating material. 



Butyl stearate 


1 wt part 


Stearic acid 


1 wt part 


Methyl ethyl ketone 


188 wt part 


Toluene 


188 wt part 


Cyclohexanone 


82 wt part 




(Total 802 wt parts) 



[0104] Immediately before coating, "Coronate L° (solids 75%) of Nippon Polyurethane Industry Co. was added as a 
crosslinking agent to the magnetic coating material, in an amount of 33 wl% on the basis of the resin weight in the 
coating material. 
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[0105] Using this magnetic coating material (E), the interlayer coatinq material fb-l\ of Fvamnio a ^ < .. 



Film thickness Material (Young's modulus MD/TD) 



Example 1 9 



8.3 jam 



PET (650/450) kg/mm* 



Comparative Example 18 



[0107] II will be underslood from the results of evaluation summarized in Table 1 that comnamri to . 

wTo:; a p n a r s d in c T arative *r** the ma9netic ^™ jsl Js^ssJis sexe 
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Com 0 5 to 2 sTm form H m P " 9 3 n ° nma 9 ne,ic base « a nonmagnetic interlayer of a thickness ranging 
from 0.5 to 2.5 um formed on at least one side of the base, and a magnetic layer of a thickness from 0 05 to 0 s 
Mm formed on the interlayer. said magnetic layer consisting essentially of a tonomaaneS^^fhS^r 
nm snir 'rf ' the Ma ^ r contains a ^bon black having a mean primary partSe^iame te of 25 tolo 
nm, specific surface area of 50 to 80 rn^/g. and dibutyl phtha.ate (DBP) oil absorption of 40 to 55 cc/Ioo g 

b.ack m a nn e nL reCO ; din9 aCC ° rdin9 t0 ^ 1 ' Wherein the inter,a y er addition to the carbon 

black, a nonmagnetic .norganic fine powder other than carbon black. 

The magnetic recording medium according to claim 2, wherein the ratio by weight of the carbon black to the non 
magnetic morgan.c fine powder other than carbon black is in the range from 1 8/82 Vo 1 0oT 

L h s e umSTha C t TtetTa^Z * °' C ' aimS 1 * 3 ' Wh6rein ,he inter,£ * er con,ains a b ^er and, 

llhT fr ! total weight of the nonmagnetic inorganic fine powder including the carbon black is P and the 
weight of the binder ,s B, the following relation holds between P and B: 

6.55P/BS3.5. 
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